
Integrating Deep Learning and Machine Learning 
for Defect Detection and Maintenance Prediction 
in Photovoltaic Systems

Predictive Analytics for Solar Energy Reliability



Embracing Solar: The Future Powered Today

The Bloomberg New Energy Finance (BNEF) reports of analysts expect newly installed PV capacity to be between 252 and 260 GW in
2025.
Commercial and industrial systems will also see their share increase, as these are becoming more and more profitable against the
background of rising electricity prices and electricity shortages in the country.



Overview of PV System Challenges
Here are some common types of defects (intrinsic, extrinsic) 
found in PV panels:
1.Micro-Cracks
2.PID (Potential Induced Degradation)
3.Snail Trails
4.Hot Spots
5.Soiling
6.Delamination and Discoloration
7.Corrosion
8.Cell Mismatch and Shading
8.Inverter and Junction Box Failures



Problem statement 

• Regular monitoring and maintenance of PV panels are essential to detect these defects early and address them 
promptly. 

• Traditionally, maintenance teams conduct visual inspections and use instruments like I-V curve tracers to detect 
anomalies. 

• limitations: Time-consuming, Subjective, Intermittent, Reactive.

• Solution: the advanced predictive capabilities offered by data analysis, machine learning and deep learning. to 
predict when a failure is likely to occur and taking preventative measures before it happens.

• Advanced techniques like thermal imaging, electroluminescence, and the use of drones for inspection are 
increasingly employed to identify and analyze these defects efficiently.



Role of Machine Learning (ML) and Deep Learning (DL)

These technologies enable:
• Anomaly Detection
• Pattern Recognition
• Predictive Insights



Once data is collected, ML/DL algorithms come into play, offering advanced defect detection capabilities:
•Convolutional Neural Networks (CNNs)
•Recurrent Neural Networks (RNNs)
•Autoencoders
•YOLO

Examples of AI models



Transfer learning models



Our papers 



These algorithms are trained on vast datasets,
Example of public dataset that consists of high-
resolution electroluminescence (EL) images derived
from both
monocrystalline and polycrystalline PV modules
• ELPV: a total of 2,624 grayscale images, each with

a resolution of 300×300 pixels and an 8-bit depth.
• PVEL-AD: contains 36,543 images with various

internal defects and heterogeneous background.
10 different categories such as crack (line and
star), finger interruption, black core,
misalignment, thick line, scratch, fragment, corner,
and material defect.

Data sets



Results 



Detecting PV Defects with ML/DL



Predictive Maintenance with AI

• To shift from reactive to proactive maintenance, The proposed 
Maintenance Prediction Model capitalizes on the previously 
localized defect regions from the defect detection process. 

• The localized defect features are then utilized as inputs for a 
specialized maintenance prediction model. 

• These attributes encapsulate critical information about the 
type, size, and severity of defects. 

• Subsequently, the maintenance prediction model is trained to 
harness the relationship between extracted defect features 
and maintenance requirements. 



Field Successes: ML/DL in Action
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Field Successes: ML/DL in Action



THANK 
YOU!
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